Aims: To investigate the chronic effects of air pollution caused mainly by automobiles in healthy adult females. Methods: Respiratory symptoms were investigated in 5682 adult females who had lived in the Tokyo metropolitan area for three years or more in 1987; 733 of them were subjected to pulmonary function tests over eight years from 1987 to 1994. The subjects were divided into three groups by the level of air pollution they were exposed to during the study period. The concentrations of nitrogen dioxide and suspended particulate matter were the highest in group 1, and the lowest in group 3. Results: The prevalence rates of respiratory symptoms in group 1 were higher than those in groups 2 and 3, except for wheezing. Multiple logistic regression analysis showed significant differences in persistent phlegm and breathlessness. The subjects selected for the analysis of pulmonary function were 94, 210, and 102 females in groups 1, 2, and 3, respectively. The annual mean change of FEV 1 in group 1 was the largest (20.020 l/y), followed by that in group 2 (20.015 l/y), and that in group 3 (20.009 l/y). Testing for trends showed a significant larger decrease of FEV 1 with the increase in the level of air pollution. Conclusions: The subjects living in areas with high levels of air pollution showed higher prevalence rates of respiratory symptoms and a larger decrease of FEV 1 compared with those living in areas with low levels of air pollution. Since the traffic density is larger in areas with high air pollution, the differences among the groups may reflect the effect of air pollution attributable to particulate matter found in automobile exhaust.
N owadays, people cannot evade the global problem of environmental pollution caused by automobile exhaust so long as they live in urban areas. In Japan, along with the concentration of the population and production in large cities, air pollution in the districts along trunk roads is now causing a serious problem. The major components of air pollution in urban districts in Japan are nitrogen dioxide (NO 2 ) and suspended particulate matter (SPM) emitted mainly by automobiles. [1] [2] [3] Air pollution in the districts along main roads has shown hardly any sign of improvement. In particular, the exhaust from diesel engines is considered substantial in this regard. Larger sized diesel engines emit 2-30 times more nitric oxide and 30-100 times more SPM than gasoline engines. [4] [5] [6] Therefore, diesel engines constitute a major cause of air pollution attributable to NO 2 and SPM. It is reported that Tokyo, the capital of Japan, has the largest number of vehicles (2 690 000 in 1990), and the annual mean concentrations of NO 2 and SPM in the air in Tokyo are 0.030 ppm and 52 mg/m 3 , respectively; that is, higher than the national means of 0.016 ppm and 37 mg/m 3 , respectively.
There have been many studies on the influence of air pollution on children's pulmonary function, and it has been reported that in areas of high concentration of nitric oxide, the values of children's pulmonary function parameters are low and their growth is comparatively delayed. [7] [8] [9] [10] However, there is little data on the effects of air pollution on pulmonary function in adults. In traffic workers, several studies have shown an association between exposure to automobile exhaust and adverse effects on respiratory symptoms and pulmonary function, [11] [12] [13] whereas others failed to find such an association. [14] [15] In this way, the results of studies on the effects of air pollution are not conclusive. Hardly any community based research has been conducted to investigate the long term effects of air pollution on pulmonary function.
We carried out a cross-sectional study to investigate respiratory symptoms in adult females who lived in the Tokyo metropolitan area, and performed a longitudinal study of annual pulmonary function tests for eight years from 1987 to 1994. Based on these studies, we evaluated the long term influence of air pollutants, mainly automobile exhaust, on pulmonary function.
SUBJECTS AND METHODS

Study areas and subjects
We covered almost the whole Tokyo metropolitan area by investigating the nine districts shown in fig 1 (Chuo ward, Ohta ward, Shibuya ward, Itabashi ward, Hachioji City, Tachikawa City, Ome City, Machida City, Tanashi City). The daytime average traffic density of trunk roads in these districts 16 was 8000-32 000 vehicles every 12 hours in 1990 (table 1) .
In each district, the area close to the edge of a trunk road (''roadside area''; within 20 m from the road) and the hind land (''area behind the road'', .20 m-,150 m) were investigated. The subjects, 500 females, 30-59 years old, were randomly selected from the inhabitants register of each area, and the respiratory symptoms were investigated in those who had lived in a given area for three years or more. One hundred females who did not smoke and who did not have a history of respiratory diseases were then randomly selected from among the females in each district, and subjected to pulmonary function tests. The objective and method of this study were fully explained to the subjects, and informed consent was obtained from them before the study.
Air monitoring
Air environment measurement devices were installed at 0 m and 20 m from the edge of trunk roads, and the concentration of air pollutants was measured every month for three consecutive days. NO 2 concentrations were measured using the PTIO method. 17 For measurement of SPM, particulate matter less than 10 mm in diameter was collected by a low volume air sampler for 72 hours.
Respiratory symptoms
The questionnaire employed was a modified Japanese version of ATS-DLD-78. 18 It was sent by mail to each subject between July and August 1987. They were collected after about 1-2 weeks by the staff engaged in the investigation who visited each home and verified that the questionnaires had been filled in properly.
Pulmonary function tests
Skilled staff conducted the pulmonary function tests in the community centre in each area once a year (AugustNovember) using an electronic spirometer (DISCOM-21, Chest Inc., Tokyo, Japan). Prior to each test the device was calibrated using a 3-litre syringe. After sufficient explanation on the method, the subjects were repeatedly tested, with a short interval, until more than three forced expiratory curves that were reproducible had been obtained (maximum eight times). A nose clip was applied to each subject, and subjects were in the standing position during the tests.
Data analysis
Classification by degree of air pollution
The roadside areas and the areas behind the roads (18 areas in total) in nine districts were classified into the following three groups by the level of air pollution (mean NO 2 and mean SPM concentrations) during the study period (table 2) . Since NO 2 concentrations showed a smaller standard deviation and range to the SPM concentrations, and reflected the differences among areas quite well, the classification was mainly based on the NO 2 concentration, with consideration of the SPM concentration. where both NO 2 (mean 0.024-0.036 ppm) and SPM (mean 28-39 mg/m 3 ) concentrations were low, as well as the areas behind the roads in districts of group 2. The traffic density in the roadside areas in Ome City was 8641vehicles, which was smaller than the density observed in other districts.
Investigation of respiratory symptoms
Six items (age, years of residence in the area, job status, smoking habit, type of heater, and housing structure) were compared among the three groups. Significance was evaluated by the x 2 test.
(a) The prevalence of respiratory symptoms was compared among the three groups. Respiratory symptoms were determined from questionnaire responses defined as follows: (1) persistent cough: for >3 months a year, cough almost every day; (2) persistent phlegm: for >3 months a year, phlegm almost every day; (3) wheeze: twice or more times in the past two years, wheezing or rattling when the subject had a cold or even when she did not have a cold; (4) asthma: diagnosed by a physician and history of >2 attacks accompanied with respiratory difficulty in the past, and an attack or treatment for asthma in the past two years; (5) breathlessness: breathing difficulty in walking a flat road and not catching up with people of the same generation. (b) We used multiple logistic regression analysis (adjusted for age, years of residence in the area, etc) to calculate odds ratios for the above five symptoms compared with the status in group 3. We also evaluated the trend of the hypothesis group 1 . group 2 . group 3. The LOGIST procedure of the SAS statistics package was employed for the calculation. 19 
Pulmonary function tests
Those who provided valid data on four or more of the eight tests performed in addition to the valid data in the initial test were subjected to pulmonary function tests. Their age, height, forced vital capacity (FVC), forced expiratory volume in 1 second (FEV 1 ), and respiratory symptoms at the time of the initial test were compared between the subjects included in the analysis of pulmonary function tests and those excluded from the analysis. FVC and FEV 1 were used as indices of pulmonary function. The age and height adjusted mean levels were obtained and annual mean changes were compared among the three groups. The mean levels of these indices were obtained from each group after adjusting them for age, square of age, height, years of residence in the area, housing structure, job status, and type of heater; the results were compared with those of group 3 in which the air pollution level was the lowest.
There seemed to be an autocorrelation of individual pulmonary function levels between the years investigated. Accordingly, the annual mean changes of FVC and FEV 1 were analysed in a two stage analysis. First, based on the progressive decrease of FVC and FEV 1 over the follow up years in each subject, the regression coefficient was assumed as the individual annual mean changes. Then, with this annual mean change as the dependent variable, covariance analysis was carried out using a general linear model (GLM procedure of SAS). 20 The factors analysed were the group, pulmonary function at the initial test, age and height at the time of the initial test, number of years investigated, years of residence in the area, type of heater, housing structure, and job status. Using the above mentioned model, the adjusted annual mean change was obtained for each of the three groups, and the hypothesis of group 1 . group 2 . group 3 was evaluated.
RESULTS
Investigation of respiratory symptoms
The number of questionnaires recovered was 6760 (the recovery rate was 73.3% in group 1, 77.5% in group 2, and 75.8% in group 3). Since those who lived less than three years in an area (n = 478) and those whose answers to the questions used for the analysis were inaccurate (n = 600) were excluded, data from 5682 subjects (1147 in group 1, 2695 in group 2, and 1840 in group 3) were analysed. The percentage of subjects analysed was 84.1% of the total number of people who answered the questionnaire, and 63.8% of the initially included subjects. Table 3 shows the prevalence of relevant factors by group. Significant differences among the three groups were observed in age, years of residence in the area, job status, smoking habit, and housing structure. With regard to age, those in their 50s accounted for the highest percentage in group 2.
With regard to years of residence in the area, those who lived in the area in question for 10 years or more accounted for 60% or more in each group, but those in groups 2 and 3 lived longer in the areas in question than those in group 1. With regard to occupation, 62.9% of the subjects in group 1 had jobs and the proportion was higher than that in the remaining two groups; 79% of them were engaged in clerical jobs, sales, and service jobs, and few subjects were engaged in the dust work. With regard to smoking status, the proportion of those who smoked in group 1 was higher than that in the remaining two groups. With regard to housing structure, the proportion of those who lived in airtight reinforced concrete buildings in group 1 was the highest among the three groups. With regard to heaters, the proportion of those who used vented heaters was the highest in each group and there were no significant differences among the three groups. Table 4 shows the prevalence rates of respiratory symptoms by group. The rates in group 1 were higher than that in groups 2 and 3 except for wheezing. According to testing for the trend, significant differences were found in persistent phlegm (7.7%, 5.9%, and 5.1% in groups 1, 2, and 3, respectively) and breathlessness (3.1%, 1.0%, and 1.3% in groups 1, 2, and 3, respectively), among the groups.
Multiple logistic regression analysis was employed to adjust the relevant six factors including age and years of residence in the area. Table 5 shows the adjusted odds ratios relative to group 3. The odds ratios were significantly higher than 1 for persistent phlegm (group 1: OR = 1.78, 95% CI 1.26 to 2.53; group 2: OR = 1.52, 95% CI 1.11 to 2.04) and breathlessness (group 1: OR = 2.70, 95% CI 1.48 to 4.91). Although the odds ratio of asthma was larger than 1, it was not significant in group 1 (OR = 2.66, 95% CI 0.98 to 7.19) and group 2 (OR = 1.99, 95% CI 0.82 to 4.83). The trend test revealed significant relationships of breathlessness and persistent phlegm with the level of air pollution (p = 0.001 for both).
Pulmonary function tests
A total of 733 females were subjected to the pulmonary function tests the first time (179, 358, and 196 in groups 1, 2, and 3, respectively). Of them, 406 (94 (52.5%), 210 (58.7%), and 102 (52.0%) in groups 1, 2, and 3, respectively) who provided valid data on four or more tests during the investigation period were subjected to the analysis (table 6) . Table 7 compares the characteristics of subjects included in the analysis of each group with those of people excluded from the analysis. The subjects in all three groups were significantly older than those excluded from the analysis but there was no difference in height. Although FVC and FEV 1 were slightly higher in the analysis group, there was no significant difference. Since those without a history of respiratory diseases were selected, the proportion of those having respiratory symptoms was extremely low in subjects both included and excluded, and there was no significant difference between them (data not shown). Figure 2 compares the changes in mean values adjusted for age and height in each group. Although FVC did not show a consistent trend among the groups by the year of investigation, FEV 1 in group 1 was the lowest every year. Figure 3 shows the comparison of adjusted mean values of FVC and FEV 1 of females in group 1 and group 2 with those in group 3, who had been living in areas with the lowest level of air pollution. FVC did not show any specific relation among the groups. Although there was no difference in FEV 1 among the groups in the first year, the level started to decrease in group 1 in comparison with group 3, and the difference between the two groups tended to increase with time. Figure 4 shows the annual mean changes of FVC and FEV 1 by group. With regard to FVC, group 1 showed the highest rate of decrease (0.006 l/year) followed by group 2 (0.002 l/ year) and group 3 (0.000 l/year). However, the result of the trend test was not significant (p = 0.162). With regard to FEV 1 , group 1 showed the highest rate of decrease (0.020 l/ year), followed by group 2 (0.015 l/year) and group 3 (0.009 l/year). The trend test revealed that the higher the level of air pollution, the more significantly the FEV 1 was reduced (p , 0.001).
DISCUSSION
To clarify the chronic effects of air pollution caused mainly by automobiles, on health, pulmonary function tests were conducted for eight years in adult females who lived in various areas of the Tokyo metropolitan area. The decrease in pulmonary function was larger in females who lived in areas close to the trunk roads where the daytime traffic density exceeded 20 000 vehicles, than in the other groups.
Compared with agricultural and rural regions, the levels of air pollution are higher in larger cities. The level of air pollution around trunk roads is reportedly the highest in roadside areas, but the farther from the roads an area is, the lower the level of pollution it has. Laxen and Noordally 21 measured the NO 2 concentration, which is a major pollutant arising from automobile exhaust, in the roadside areas in England. They reported that the level rapidly decreased in the areas 10-15 m away from the road and that the level became almost constant when the distance from the road exceeded 30 m. The results of air monitoring in this study also indicated that the highest NO 2 and SPM concentrations were in the roadside areas, but the levels gradually decreased with the distance from the road. Although the level also depends on the environmental conditions around an area, including topography and climate, 22 the distance from the road is clearly the most important factor influencing the level of air pollution in a given area.
Ono and colleagues 23 measured NO 2 and SPM concentrations in areas close to the trunk roads in Tokyo as well as inside the houses in Tokyo. They reported that, the nearer a house was to a road, the higher the indoor NO 2 concentration if an unvented heater was not used, and that the influence of unvented heaters was greater during the winter time. Nakai and colleagues 24 reported that the personal levels of exposure to NO 2 also decreased with the distance from the roads. According to the results of this survey, the type of heaters used was similar among the groups. Even if indoor pollution caused by heaters was considered, those who lived in roadside areas seemed to have been exposed to a higher concentration of pollutants in comparison with those who lived farther from the roadside.
Several reports on the effect of automobile exhaust on health have been published. According to these reports, respiratory symptoms, including chronic cough and phlegm, asthma, and allergic rhinitis were observed at a high rate in areas close to the roads with a high traffic level in comparison with the areas away from the roads. 25 26 The prevalence rate of respiratory symptoms in group 1 was higher than that in groups 2 and 3, except for wheezing. The rates of these respiratory symptoms were higher in the areas with high air pollution. The trend test indicated a significant difference in persistent phlegm and breathlessness. Among the three groups, there were differences in age, years of residence in the area, job status, smoking habit, and housing structure. The results of logistic regression analysis arranging these factors showed a significant relation of persistent phlegm and breathlessness with the level of air pollution. The influences of outing hours in daily life and type of occupation should also be considered. Among the subjects of this study, there were many who worked, and in most cases their jobs were clerical jobs, sales, and light work. It was also confirmed that more than 70% of them stayed at home 18 hours or longer, daily. Thus, the influence of outing hours may not be too large.
Concerning the relation between respiratory symptoms and pulmonary function, Sherman and colleagues 27 reported that chronic cough and phlegm affected pulmonary function but that persistent wheezing and breathlessness did not show any relation in this regard. On the other hand, Kauffmann and colleagues 28 conducted a 12-year follow up study and reported that respiratory symptoms, including cough, phlegm and dyspnoea, observed at the initial test were related to a lower initial level of FEV 1 , but that those symptoms were not related to subsequent decreases in pulmonary function. Since the major purpose of this study was to evaluate the influences of air pollution on long term changes in pulmonary function, we examined respiratory symptoms of subjects only at the initial test. Therefore, the incidence of respiratory symptoms during the follow up period remains unclear. However, we limited the number of females subjected to pulmonary function tests to healthy nonsmokers who had no history of respiratory diseases, thus the influence of respiratory symptoms on the changes in pulmonary function may not be too large. Since FVC and FEV 1 are often clinically used to assess longitudinal changes, these parameters were selected as the indices of pulmonary function in this study. AckermannLiebrich et al investigated the effects of air pollution on pulmonary function in eight districts in Switzerland. 29 They reported that an increase of 10 mg/m 3 in particulate matter less than 10 mm in diameter (PM 10 ) resulted in a decrease of 3.4% in FVC and of 1.6% in FEV 1 in healthy non-smokers. Chestnut et al 30 reported that an increase of 34 mg/m 3 in total suspended particles was related to a decrease of 2.25% in FVC and that the change in FEV 1 was significant even though the change was small. Speizer 31 showed that the effect of air pollution on respiratory health in adults was not clear because smoking and other interactive factors such as occupation and environmental exposure were also involved. To avoid uncontrollable variations in pulmonary function due to individual differences such as smoking history, we selected only healthy non-smoking adult females without a history of respiratory diseases as the subjects of this study. Furthermore, to evaluate the changes of pulmonary function values during the study period, we performed a longitudinal analysis over eight years. As a result, the influence of interactive factors such as exposure to air pollution in the past was considered small in our subjects. When a survey lasts a long time, a substantial number of subjects are inevitably lost to follow up due to change of address, etc. According to Tashkin and colleagues, 32 change of address was the major reason for not receiving the second test, and the respiratory symptoms accounted for less than 1% of the reasons for drop-out. A considerable number of drop-outs also occurred during the follow up period in our study. Among those subjected to the initial pulmonary function test, the number of those included in the analysis of longitudinal changes and the number of those lost to follow up were compared. The results indicated that those analysed were significantly older in all three groups, indicating that those who were older had a stronger sense of participation in the study. However, considering that there was not much difference in the respiratory symptoms and initial level of pulmonary function between those analysed and the dropouts, the influence of drop-outs seemed to be small.
Pulmonary function tests were performed by the same method using the same spirometer throughout the study period. However, FVC and FEV 1 increased from 1993 to 1994, particularly in group 2. This may be due to a difference in the composition of the subjects examined or a difference in weather conditions, but the cause remains unclear. Many epidemiological studies have shown that exposure to air pollution for a short term was related to a decrease in pulmonary function. [33] [34] [35] Tashkin and colleagues 32 and van der Lende and colleagues 36 reported the chronic effects of air pollution on the annual changes of pulmonary function value for a long term. Tashkin and colleagues 32 compared three districts in which the levels of air pollution differed from each other. After adjustment for interactive factors, FEV 1 decreased in females by 49.3 ml/year and 50.1 ml/year in two of the districts where air pollution levels were higher, but the decrease in the remaining district where the level was the lowest was 40.5 ml/year. According to our study, group 1 showed the highest decrease rate (0.020 l/year) of FEV 1 followed by group 2 (0.015 l/year) and group 3 (0.009 l/year). The annual change of FVC showed a similar pattern (group 1 . group 2 . group 3), but FVC did not change in group 3 during the follow up period. The change of FEV 1 was also smaller compared with the report by Tashkin and colleagues. 32 As we obtained the annual mean respiratory volume change in each individual, the difference in the composition of the group examined may have not influenced the results. Since we selected only healthy non-smokers as the subjects of this study, the change of FVC might be too small to be detected. Furthermore, the difference in the method of investigation could also be responsible for the different results. To be more precise, we conducted a pulmonary function test every year and used those subjects whose data on four or more tests were available, while Tashkin and colleagues conducted only two tests with an interval of 5-6 years. 32 In addition, it is necessary to take into consideration the ethnic difference as well as the differences in the device used for the pulmonary function tests, the air pollution level and quality, and the sensitivity of the subjects to air pollution. The increase in FEV 1 , especially in group 2 in 1993, seemed to be partly responsible for the difference from the result reported by Tashkin and colleagues. However, the difference in the annual changes of FEV 1 between group 1 and group 3 was close to the difference between the area with the highest level of air pollution and that with the lowest level of air pollution in the study by Tashkin and colleagues.
Diesel exhaust particles (DEPs) are considered to account for about 30-50% of SPM, and most of DEPs consist of fine particles. Since fine particles reach the depth of lungs and precipitate there, they are expected to have a considerable influence on the living body, including the respiratory system. However, the mechanism of action of these particles has yet to be established. Repeated exposure to NO 2 is known to induce inflammatory changes in the neutrophils in the lower airway, but reduction of pulmonary function is indicated to be temporary. 37 38 On the other hand, inflammatory changes in the airway as well as in the whole body, and an increase in airway resistance were reported in humans experimentally exposed to diesel exhaust. 39 40 These studies suggested that long term exposure to NO 2 and SPM was related to an increase in airway resistance and a chronic decrease in pulmonary function. The results of our study also show that the annual mean change of FEV 1 is larger than that of FVC, indicating the considerable influence on airflow obstruction, including increased airway resistance. In this study, those who had lived in an area along the trunk roads showed a high prevalence rate of respiratory symptoms and more decreased pulmonary function. However, in these areas, both the concentrations of NO 2 and SPM were high, so which pollutant had the most influence remains unclear. Hereafter, measurements of fine particles or diesel exhaust concentration may clarify the relation between air pollutants and pulmonary function. 41 In summary, we investigated healthy adult females who lived in the Tokyo metropolitan area to clarify the chronic health effects of air pollution caused mainly by automobiles. According to our results, the subjects living in areas with high levels of air pollution showed higher prevalence rates of respiratory symptoms and a larger decrease of FEV 1 compared with those living in areas with low levels of air pollution. Considering the high traffic density in these areas, the effect of particulate matter found in automobile exhaust seems to be one of the factors responsible for the difference between other areas. adults in Tokyo, Japan exhaust on the pulmonary function of female Long term effects of exposure to automobile
